Objectives: To assess the association of primary retinal inflammation, namely retinal periphlebitis (RP) and microcystic macular edema, with clinical, brain, and retinal imaging biomarkers of multiple sclerosis (MS) severity.
Multiple sclerosis (MS) causes axonal degeneration, determining disease severity. Retinal periphlebitis (RP) is a vasculitis that affects the peripheral retina in approximately 10% of patients with MS. The presence of RP is associated with a higher disease activity in relapses and gadoliniumenhancing lesions. 1 Additionally, optical coherence tomography (OCT) has identified retinal nerve fiber layer (RNFL) atrophy and a decreased macular volume (MV) as axonal damage markers in MS. 224 Moreover, OCT enabled identification of microcystic macular edema (MME) in 0.5% to 5% of patients with MS and it seems to be associated with MS activity or previous optic neuritis (ON). 2 In this study, we assessed the association between primary retinal inflammation (RP and MME) and clinical (Expanded Disability Status Scale [EDSS]) and imaging (brain and retinal) biomarkers of disease severity to evaluate their suitability as biomarkers in MS. METHODS Standard protocol approval and patient consent. The Research Ethics Committee approved the study and all participants provided their written informed consent.
Study design. The MS-VisualPath cohort is an ongoing cohort of patients with MS (aged 18-55 years) conducted at the Hospital Clinic of Barcelona. The recruitment started in December 2010 and it is permanently opened. Patients with psychiatric or other neurologic diseases or any ocular disease/treatment/surgery were excluded. Patients were excluded if they had ON in the 6 months before inclusion. At baseline and yearly thereafter, patients undergo a complete neurologic and ophthalmologic examination including OCT and MRI.
Clinical assessment. We collected demographic (sex and age) and MS-related variables (onset and diagnosis date, disease type and duration, ON history, MS treatment, and disability assessed by EDSS). The presence of prior ON was assessed in the subjects' medical history and confirmed by careful ophthalmologic assessment, MRI of the optic nerve (T2 sequence), and/or by identifying abnormal (a mean plus 1 SD of the interocular asymmetry of registered ON cases) asymmetry in the RNFL by OCT and in the mean deviation of the visual field. We measured high-and low-contrast monocular visual acuity using ETDRS (Early Treatment Diabetic Retinopathy Study) charts. Color vision was tested using Hardy-Rand-Ritter pseudoisochromatic plates, as previously described. 5 A full ophthalmic examination, including pupil dilation with tropicamide 1%, was also performed.
Optical coherence tomography. Spectral domain retinal OCT (Spectralis; Heidelberg Engineering, Carlsbad, CA) was performed as previously described. 5 RNFL and MV were considered as mean value of both eyes except for patients with an ON history in whom only the fellow eye's value was considered.
Magnetic resonance imaging. MRI study was performed using a 3T scanner (Trim Trio; Siemens, Malvern, PA). We obtained a 3-dimensional structural T1 magnetization-prepared rapid-acquisition gradient echo sequence. T1 lesion masks were manually created from T1 scans using ITK-SNAP software. Brain tissue volume, normalized for patient's head size, was evaluated with SIENAX, which was fully automated once the T1 lesion mask had been used to avoid pixel misclassification. This FSL (FMRIB Software Library) tool has been previously used for assessing brain atrophy in MS using T1 images. 6, 7 Rather than T2-weighted images, T1-weighted images were used for lesion segmentation as they represent more accurately axonal damage, 8 and recent studies demonstrated increased sensitivity of T1 magnetization-prepared rapid-acquisition gradient echo to detect white matter lesions. 9 Statistical analysis. The study hypothesis was that primary retinal inflammation was associated with MS severity. Therefore, we compared the unadjusted means of clinical (EDSS score at baseline and after 12 months), MRI (lesion volume and brain volumes), and OCT (RNFL and MV) variables among patients with and without primary retinal inflammation with independent 2-sample t test. Then, the multivariableadjusted means of these parameters and the differences among patients with RP and patients without primary retinal inflammation, were estimated using general linear models adjusting for sex, age at study, MS disease duration, and use of MS treatments. All p values were 2-tailed at the ,0.05 level. Statistical analyses were performed with SPSS version 17.0 software (SPSS Inc., Chicago, IL).
RESULTS
Of the 100 patients with MS analyzed, 5 patients showed RP, 2 MME, and the retina was normal in the remaining 93 (figure). Four of the patients with RP had a history of ON (2 in the eye affected with RP and the other 2 in the fellow eye). Both patients with MME had a history of acute ON (one in the same eye affected with the edema and the other in both eyes between MS patients with and without primary retinal inflammation were mainly attributable to the RP group. Because we have only identified 2 patients with MME, and our study was underpowered to evaluate MME as a possible biomarker of MS severity, we performed the multivariate analyses comparing patients with RP and patients without primary retinal inflammation (table 2) . Patients with MS who had RP tended toward a higher mean EDSS score at baseline and progression of the disability after 12 months. Patients with RP had a significantly higher lesion load and lower total brain volume. Although not significant, an association with gray matter deserves to be mentioned because it correlates better with disability than other volumetric metrics. These patients also had a lower RNFL thickness and a trend to lower MV.
DISCUSSION RP has been related to a more active disease. 1 Previous studies have shown that patients with stronger disease activity develop more severe disability and brain atrophy. 10 Thus, our findings support the notion that primary retinal inflammation parallels the inflammatory processes within the CNS that contribute to brain damage. Based on these studies, focal retinal inflammation may be part of the overall brain inflammatory activity. At the clinical level, RP may become an objectively measurable biomarker of disease severity. Several disease-modifying drugs with different riskbenefit profiles are available. The presence of RP might favor the election of a more effective drug, even assuming a greater risk of side effects. Also, identification of disease-severity biomarkers is critical for assessing the efficacy of neuroprotective drugs. Additionally, RP may be a good model to improve our understanding of the role and dynamics of inflammation in MS. However, the similarities between the prototypical demyelinating lesions of the white matter and the vasculitis in nonmyelinated retina remain unclear.
Our study has several limitations. The prevalence of RP and MME is lower in our study than in previous reports. 1, 2 This could be attributable to the higher frequency of disease-modifying therapies in our cohort compared with previous studies, which may have influenced the ongoing retinal inflammation. This may have limited the power to detect statistical differences of some associations. The longitudinal follow-up was limited to a subgroup of 87 patients and for a period of 1 year. It is well established from clinical trials that a follow-up of more than 2 years is required to observe significant differences in disability progression. Finally, we did not use retinal fluorescein angiography, although we have shown previously that this technique would not improve our ability to detect RP in patients. 1 Confidence in our results is strengthened by the following factors: first, the neurologic and ophthalmologic evaluations were assessed with standardized tools; and second, potential confounders were carefully recorded and controlled for in the analyses.
Our results support the role of RP as a suitable biomarker of MS severity. New prospective and multicenter studies are required to define the diagnostic accuracy of these findings as biomarkers of MS disease activity.
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